Appendix A: Cost and Macroeconomic Modeling

Introduction the J/W model to determine macroeconomic effects.

Th fthi dixis to d ibe in d The final section presents a summary of the di-
tail th € pL:_rpo§e 0 f:.’ ap![oen |x|!s 0 eSC? €N 0€act expenditure data, presents direct costs in a form
ail the estimation of direct compliance COsts assoCly 5 can pe compared to the benefits estimates found
ated with the CAA and the effect of those expendi-

. " [ h in th , i indi ff
tures on U.S. economic conditions from 1970 to 1990 elsewhere in the study, and discusses indirect effects

The first section of this appendix describes the dy arising from compliance expenditures estimated by

namic. aeneral eauilibrium macroeconomic model_the macroeconomic model. The indirect effects re-
e dl t,ogexamine qeLtj:Iolnolrl:\ wide effects T\I/vo broa dported by the model are sectoral impacts and changes
u y ' : in aggregate measures of economic activity such as

i . . fousehold consumption and gross national product.
assessment. Macroeconomic forecasting models (e'g‘l’hese indirect effects are second-order impacts of

thedData Reisourcltla_z Inc. mOdgl IOf the U'?_" ecflclmormcll)compliance expenditures — a parallel modeling ex-
and generat equiliorium models (g.g., aziha and g qise to estimate second-order economic impacts aris-
Kopp [1.9901’ and Jorgenson and Wilcoxen .[199061])1 g from the benefits of compliance (e.g., increased
The project team selected the Jorgenson-Wilcoxen (J utput as a result of improved longevity or fewer

W) ggneral equilibrium model of th_e United States workdays lost as a result of non-fatal heart attacks)
for this analysis (Jorgenson and Wilcoxen [1990a]). 4 not been attempted

There are two main reasons for choosing a dynamic
general equilibrium approach: To capture both the ] ]
direct and indirect economic effects of environmen- Macroeconomic Modeling
tal regulation, and to capture the long-run dynamics
of the adjustment of the economy. The general equi-  EpA analyses of the costs of environmental regu-
librium framework enabled the project team to assess$ations typically quantify the direct costs of pollution
shifts in economic activity between industries, includ- gpatement equipment and related operating and main-
ing changes in distributions of labor, capital, and othelianance expenses. However, this approach does not
product_ion_ fac_tors within the economy, and Changesfully account for all of the broader economic conse-
in the distribution of goods and services. quences of reallocating resources to the production
_ _ and use of pollution abatement equipment. A general
The second section describes the data sources fQJquiIibrium, macroeconomic model could, in theory,
direct compliance expenditures and presents estimate@apture the complex interactions between sectors in
of historical air pollution control expenditures. These he economy and assess the full economic cost of air
estimatgs are der_ived primarily from EPA’s 1990 re- pollution control. This would be particularly useful
port entitled “Environmental Investments: The Cost for assessing regulations that may produce significant
of a Clean Environment'(hereafter referred to &st  jnteraction effects between markets. Another advan-
of Clear). Specific adjustments to tiost of Clean  5ge of a general equilibrium, macroeconomic frame-
stationary source and mobile source O&M data needegyor js that it is internally consistent. The consistency
to adapt these data for use in the present study argr sectoral forecasts with realistic projections of U.S.
also described. These adjusted expenditure estimatgs-onomic growth is ensured since they are estimated
represent the compliance cost data used as inputs githin the context of a single modelThis contrasts

1 Environmental Investments: The Cost of a Clean Environment, Report of the Administrator of the Environmental Protection
Agency to the Congress of the United States, EPA-230-11-90-083, November 1990.

2 In the present study, both benefits and costs are driven by of the same macroeconomic projections from the Jorgenson/
Wilcoxen model, to ensure that the estimates are based on a consistent set of economic assumptions.
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with typical EPA analyses that compile cost estimates  Recognizing that structural differences exist be-
from disparate sectoral and partial equilibrium mod-tween the models, one needs to focus in on the par-
els. ticular questions that should be answered with any
particular model. The Congressional Budget Office
The economic effects of the CAA may be over- (1990) noted:
or underestimated, if general equilibrium effects are

ignored, to the extent that sectors not directly regu-  “Both the [Data Resources Incorporated] DRI
lated are affected. For example, it is well known that  and the IPCAEO models show relatively
the CAA imposed significant direct costs on the en-  limited possibilities for increasing energy

ergy industry. Economic sectors not directly regulated  efficiency and substituting other goods for
will nonetheless be affected by changes in energy  energy in the short run... Both models focus
prices. However, an examination of the broader ef-  primarily on short-term responses to higher
fects of the CAA on the entire economy might reveal  energy prices, andeither is very good at
that the CAA also led to more rapid technological examining how the structure of the economy
development and market penetration of environmen-  could change in response to changing energy
tally “clean” renewable sources of energy (e.g., pho-  prices. The [Jorgenson-Wilcoxen] model
tovoltaics). These effects would partially offset ad- completes this part of the picture®..”

verse effects on the energy industry, and lead to a dif-

ferent estimate of the total economic cost to society  One strategy for assessing the macroeconomic
of the CAA. effects of the CAA would be to use a DRI-type model
in conjunction with the Jorgenson-Wilcoxen model
The significance of general equilibrium effects in to assess both the long-term effects and the short-run
the context of any partiCUIar anaIySiS is an empiricaltransitions’ in much the same way that the Congres_
question. Kokoski and Smith (1987) used a comput-sional Budget Office used these models to assess the
able general equilibrium model to demonstrate thateffects of carbon taxes. However, because of signifi-
partial-equilibrium welfare measures can offer rea-cant difficulties in trying to implement the DRI model
sonable approximations of the true welfare changesn a meaningful way, the project team chose to focus
for large exogenous changes. In contrast, the resultgn the long-run effects of the CAA. Structural changes
of Jorgenson and Wilcoxen (1990a) and Hazilla and(e g., changes in employment in the coal sector due to

Kopp (1990) suggest that total pollution abatement inthe CAA) can be identified with the Jorgenson-
the U.S. has been a major claimant on productive reywilcoxen model.

sources, and the effect on long-run economic growth
may be significant. Again, such conclusions must beOvervieW of the Jorgenson-
considered in light of the limitations of general equi- ., ,.

librium models. Wilcoxen Model

Choice of Macroeconomic Model The discussion below focuses on those character-
istics of the Jorgenson-Wilcoxen model that have

: important implications for its use in the assessment
The adequacy of any model or modeling approach P P

must be judged in light of the policy questions being of environmental regulations (see Table A-1). The J/

asked. One goal of the present study is to assess tr\mN model is a detailed dynamic general equilibrium

effects of clean air regulations on macroeconomicrﬁOdeI of the U.S. economy designed for medium run
o 9 : . _analysis of regulatory and tax policy (Jorgenson and
activity. Two broad categories of macroeconomic

models were considered for use in the assessment; llcoxen [1990a]). It provides projections of key
. acroeconomic variables, such as GNP and aggre-
short run, Keynesian models and long-run, general

ilibri del gate consumption, as well as energy flows between
equilibrium modets. economic sectors. As a result, the model is particu-
larly useful for examining how the structure of the
economy could change in response to changes in re-

% The Congressional Budget Office report (1990) refers to an older (1981) version of the Jorgenson model, not the current
(1988) version. The approach to long-run dynamics differs between the two models. The newer Jorgenson-Wilcoxen model contains
both the capital accumulation equation and the capital asset pricing equation. The 1981 version of the model contained only the
capital accumulation equation.
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be very important. Jorgenson and Wilcoxen (1990a)
Table A-1. Key Distinguishing Characteristics of suggests that the largest cost of all U.S. environmen-
the Jorgenson-Wilcoxen Model. tal regulations together was that the regulations re-
duced the rate of capital accumulation.

(] Dynamic, general equilibrium, . .
macroeconomic model of the U.S. econofuy. The model's last feature, free mobility of a single
. Econometrically estimated using historic type of ca_plt_al _and a single type qf_ labor, is important
data. because it limits the model's ability to measure the
= Free mobility of a single type of capital anfl short run costs of changes in policy. J/W is a full-
labor between industries. employment model that describes the long-run dynam-
" Detailed treatment of production and ics of transitions from one equilibrium to another.
consumption. Capital and labor are both assumed to be freely mo-
n Rigorous representation of savings and bile between sectors (that is, they can be moved from
investment. one industry to another at zero cost) and to be fully
n Endogenous model of technical change. used at all times. Over the medium to long run, this is
u Does not capture unemployment, a reasonable assumption, but in the short run it is too
underemploy ment, or the costs of movin optimistic. In particular, the model will understate the
capital from one industry to another. 9| short run costs of a change in policy because it does

not capture unemployment, underemployment, or the
costs of moving capital from one industry to another.
A single rate of return on capital exists that efficiently

) ] ) _ allocates the capital in each period among sectors.
source prices. For the purpose of this study, it has flv%im"aﬂy, a single equilibrium wage rate allocates
key features: a detailed treatment of production andgpqr throughout the economy.

consumption, parameters estimated econometrically

from historical data, an endogenous model of techni-Structure of the Jorgenson-Wilcoxen

cal change, a rigorous representation of saving andjoqe/

investment, and free mobility of labor and capital be-

tween industries. The J/W model assesses a broad array of economic
effects of environmental regulations. Direct costs are

_ Thefirsttwo features, industry and consumer de-capreq as increased expenditures on factors of pro-
tail and econometric estimation, allow the model to §,;ction —capital, labor, energy and materials— that

capture the effects of the CAA at each point in time e various industries must make to comply with the
for given levels of technology and the size of the gy jations, as well as additional out-of-pocket ex-
economy’s capital stock. A detailed treatment of pro-pengitures that consumers must make. Indirect costs
duction and consumption is important because theyre captured as general equilibrium effects that occur
principal effects qf the C!ean Air Act fell most he_aylly throughout the economy as the prices of factors of
on a handful of industries. The J/W model divides production change (e.g., energy prices). Also, the rate

total US production_ into 35 industries which allows ¢ technological change can respond to changes in the
the primary economic effects of the CAA to be cap- yrices of factors of production, causing changes in

tured. Ec_onometric estimation is_ equally importa”tproductivity (Jorgenson and Fraumeni, 1981).
because it ensures that the behavior of households and

firms in the model is consistent with the historical The model is divided into four major sectors: the
record. business, household, government, and rest-of-the-
] world sectors. The business sector is further subdi-
_The model's second two features —its represen-igeq into 35 industries (see Table AtZfach sector
tations of technical change and capital accumulation— o qyces a primary product, and some produce sec-
complement the model's intratemporal features byongary products. These outputs serve as inputs to the
providing specific information on how the Act affected poqyction processes of the other industries, are used
technical change and the accumulation of capital o investment, satisfy final demands by the house-
Many analyses of environmental regulations overlookp 54 and government sectors, and are exported. The
or ignore intertemporal effects but these effects canyggel also allows for imports from the rest of the

world.

4 The 35 industries roughly correspond to a two-digit SIC code classification scheme.
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tions that fully capture factor substitution possibili-

Table A-2. Definitions of Industries Within ties and industry-level biased technological change.
the J/W Model.
Capital and energy are specified separately in the
Industry o factor demand functions of each industry. The ability
Llisloisr - [Dleield st of the model to estimate the degree of substitutability
1 Agriculture, forestry, and between factor inputs facilitates the assessment of the
fisheries effect of environmental regulations. A high degree of
g g'c?;?'m'?r']?r'lgg substitutability between inputs implies that the cost
4 Gl peiEiaun e e el s of enV|ronme.ntaI r.e'gul'atlon is Ipw, while a Iowi de-
5 Nonmetallic mineral mining gree of substitutability implies high costs of environ-
6 Construction mental regulation. Also, different types of regulations
7 Food and kindred products lead to different responses on the part of producers.
8 Tobacco manufacturers Some regulations require the use of specific types of
9 Textile mill products equipment. Others regulations restrict the use of par-
10 Apparel and other textile ticular factor inputs; for example, through restrictions
" EL?gtl:(e::Sand e on the combustion of certain types of fuels. Both of
12 Furniture and fixtures fthese _effects can change the rate_ of productl_vlty growth
13 Paper and allied products in an industry through changes in factor prices.
14 Printing and publishing
15 Chemicals and allied products The Household Sector
16 Petroleum refining
17 Rubber and plastic products In the model of consumer behavior, consumer
18 Leatherand leather products choices between labor and leisure and between con-
19 Stone, clay, and glass products . . . .
20 Ay M sumption and saving are detgrmlned. A system of in-
21 Fabricated metal products dividual, demographically defined household demand
22 Machinery, except electrical functions are also econometrically estimated. House-
23 Electrical machinery hold consumption is modeled as a three stage optimi-
24 Motor vehicles zation process. In the first stage households allocate
25 Other transportation equipment lifetime wealth to full consumption in current and fu-
28 lnstlre s , ture time periods to maximize intertemporal utility.
20 sl e ouE MRl Lifetime wealth includes financial wealth, discounted
28 Transportation and warehousing . . .
29 Communication labor income, and the |mputed value of Ie|§ure. Hou;e—
30 Sl wilfiies holds have perfect foresight of future prices and in-
31 Gas utilities terest rates. In the second stage, for each time period
32 Trade full consumption is allocated between goods and ser-
33 Finance, insurance, and real vices and leisure to maximize intratemporal utility.
estate This yields an allocation of a household’s time en-
o QlErsEvles dowment between the labor market (giving rise to la-
35 Government enterprises

bor supply and labor income) and leisure time and
demands for goods and services. In the third stage,
personal consumption expenditures are allocated
The Business Sector among capital, labor, noncompeting imports and the
_ outputs of the 35 production sectors to maximize a
The model of producer behavior allocates thegypytility function for goods consumption. As with
value of output of each industry among the inputs ofihe pysiness sector, substitution possibilities exist in
the 35 commodity groups, capital services, labor ser¢onsumption decisions. The model's flexibility en-
vices, and noncompeting imports. Output supply andypes it to capture the substitution of nonpolluting
factor demands of each sector are modeled as the r'Broducts for polluting ones that may be induced by
sults of choices made by wealth maximizing, price gnyironmental regulations. Towards this end, pur-
taking firms which are subject to technological con- chases of energy and capital services by households

straints. Firms have perfect foresight of all future gre specified separately within the consumer demand
prices and interest rates. Production technologies arg,ctions for individual commodities.

represented by econometrically estimated cost func-
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Itis important to be clear regarding the notions of of pollution abatement equipment. If the economy’s
labor supply and demand within the J/W model, andpool of savings were essentially fixed, the need to in-
what is meant by “employment” throughout this re- vest in abatement equipment would reduce, or crowd
port. Labor demands and supplies are represented amit, investment in other kinds of capital on a dollar
quality-adjusted hours denominated in constant dolfor dollar basis. On the other hand, if the supply of
lars. The labor market clears in each period; the quansavings were very elastic then abatement investments
tity of labor services offered by households is absorbednight not crowd out other investment at all. In the J/
fully by the economy’s producing sectors. However, W model, both the current account and government
inferences regarding the number of persons employetudget deficits are fixed exogenously so any change
require information on labor quality and work-hours in the supply of funds for domestic investment must
per person over time and across simulations. Neithecome from a change in domestic savings. Because

of these are explicitly modeled. households choose consumption, and hence savings,
to maximize a lifetime utility function, domestic sav-
The Government Sector ings will be somewhat elastic. Thus, abatement in-

vestment will crowd out other investment, although

The behavior of government is constrained by not on a dollar for dollar basis.

exogenously specified budget deficits. Government

tax revenues are determined by exogenously speci- The J/W assumption that the current account does
fied tax rates applied to appropriate transactions innot change as a result of environmental regulation is
the business and household sectors. Levels of ecdrobably unrealistic, but it is not at all clear that this

nomic activity in these sectors are endogenously debiases the crowding out effects in any particular di-

termined. Capital income from government enterprisegection. By itself, the need to invest in abatement capi-
(determined endogenously), and nontax receiptgal would tend to raise U.S. interest rates and draw in
(given exogenously), are added to tax revenues tdoreign savings. To the extent this occurred, crowd-
obtain total government revenues. Government expening out would be reduced. At the same time, how-

ditures adjust to satisfy the exogenous budget deficiever, regulation reduces the profitability of domestic

constraint. firms. This effect would tend to lower the return on
domestic assets, leading to a reduced supply of for-
The Rest-of-the-World Sector eign savings which would exacerbate crowding out.

) ~_ Which effect dominates is an empirical question be-
The current account balance is exogenous, limit-yond the scope of this study.

ing the usefulness of the model to assess trade com-

petitiveness effects. Imports are treated as imperfect In additional to crowding out ordinary investment,
substitutes for similar domestic commaodities and com-environmental regulation also has a more subtle ef-
pete on price. Export demands are functions of for-fect on the rate of capital formation. Regulations raise
eign incomes and ratios of commodity prices in U.S.the prices of intermediate goods used to produce new
currency to the exchange rate. Import prices, foreigncapital. This leads to a reduction in the number of capi-
incomes, and tariff policies are exogenously speci-tal goods which can be purchased with a given pool
fied. Foreign prices of U.S. exports are determinedof savings. This is not crowding out in the usual sense
endogenously by domestic prices and the exchangef the term, but it is an important means by which
rate. The exchange rate adjusts to satisfy the exogregulation reduces capital formation.

enous constraint on net exports. o
The General Equilibrium

Environmental Regulation, Investment,
and Capital Formation The J/W framework contains intertemporal and

intratemporal models (Jorgenson and Wilcoxen

Environmental regulations have several important[1990c]). In any particular time period, all markets
effects on capital formation. At the most obvious level, clear. This market clearing process occurs in response
regulations often require investment in specific piecesto any changes in the levels of variables that are speci-

5 Wilcoxen (1988) suggests that environmental regulation may actually lead to a “crowding in” phenomenon. Wilcoxen
examined the effects of regulation at the firm level, and introduced costs into the model related to the installation of capital. He found
that when firms shut down their plants to install environmental capital, they take account of the adjustment costs and often concur-
rently replace other older capital equipment. This effect, however, is not captured in the current version of the Jorgenson-Wilcoxen
model.
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fied exogenously to the model. The interactions amonghe supply of capital is perfectly elastic in the long
sectors determine, for each period, aggregate domesun. The capital stock adjusts to the time endowment,
tic output, capital accumulation, employment, the while the rate of return depends only on the
composition of output, the allocation of output acrossintertemporal preferences of the household sector.
different household types, and other variables.
A predetermined amount of technical progress

The model also produces an intertemporal equi-also takes place that serves to lower the cost of sectoral
librium path from the initial conditions at the start of production. Finally, the quality of labor is enhanced,
the simulation to the stationary state. (A stationarygiving rise to higher productivity and lower costs of
solution for the model is obtained by merging the production.
intertemporal and intratemporal models.) The dynam-
ics of the J/W model have two elements: An accumu-  Given all of these changes, the model solves for a
lation equation for capital, and a capital asset pricingnew price vector and attains a new general equilib-
equation. Changes in exogenous variables cause sevium. Across all time periods, the model solves for
eral adjustments to occur within the model. First, thethe time paths of the capital stock, household con-
single stock of capital is efficiently allocated among sumption, and prices. The outcomes represent a gen-
all sectors, including the household sector. Capital iseral equilibrium in all time periods and in all markets
assumed to be perfectly malleable and mobile amongovered by the J/W model.
sectors, so that the price of capital services in each
sector is proportional to a single capital service priceConfiguration of the No-control
for the economy as a whole. The value of capital ser-Scenario
vices is equal to capital income. The supply of capital

available in each period is the result of past invest- 5,4 of the difficulties in describing the no-con-

ment, i.e., capital at the end of each period is a funCyrq| scenario is ascertaining how much environmen-
tion of investment during the period and capital at they,) reqyation would have been initiated by state and
beginning of the period. This capital accumulation |4 governments in the absence of a federal program.
equation is backward-looking and captures the effeCi 1,y reasonably be argued that many state and local

of investments in all past periods on the capital avail-yoyernments would have initiated their own control
able in the current period. programs in the absence of a federal role. This view
_ . _ . is further supported by the fact that many states and

The capital asset pricing equation specifies thejgcajities have, in fact, issued rules and ordinances

price of capital services in terms of the price of in-\yhich are significantly more stringent and encompass-
vestment goods at the beginning and end of each p&qq than federal minimum requirements. However, it
riod, the rate of return to capital for the economy as may also be argued that the federal CAA has moti-

whole, the rate of depreciation, and variables describy ateq 5 substantial number of stringent state and local
ing the tax structure for income from capital. The cur- .o programs.

rent price of investment goods incorporates an assump-

tion of perfect foresight or rational expectations. Un- Specifying the range and stringency of state and

der this assumption, the price of investment goods in, 4 programs that would have occurred in the ab-

every period is based on expectations of future Capisence of the federal CAA would be almost entirely
tal service prices and discount rates that are fulfilled

k ) ) speculative. For example, factors which would com-
by the solution of the model. This equation for the

: o . o plicate developing assumptions about stringency and
:nvigtmfntgoods price in each time period is forward-gne of ynilateral state and local programs include:
ooking!

(i) the significance of federal funding to support state

_ and local program development; (ii) the influence of
One way to characterize the J/W model —or any e severe air pollution episodes which might be

other neoclassical growth model— is that the Short'expected in the absence of federally-mandated con-

run supply of capital is perfectly inelastic, since it is s (i) the potential emergence of pollution havens,
completely determined by past investment. However,a \yel| as anti-pollution havens, motivated by local

6 The price of capital assets is also equal to the cost of production, so that changes in the rate of capital accumulation result in an
increase in the cost of producing investment goods. This has to be equilibrated with the discounted value of future rentals in order to
produce an intertemporal equilibrium. The rising cost of producing investment is a cost of adjusting to a new intertemporal equilib-
rium path.
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political and economic conditions; (iv) the influence ing production processes can be costly. This approach
of federally-sponsored research on the developmenis also encouraged by EPA's setting of standards based
of pollution effects information and control technolo- on the notion of “best available technology” (Free-
gies; and (v) the need to make specific assumptionsnan, 1978).
about individual state and local control levels for in-
dividual pollutants to allow estimation of incremen- All three possible responses may lead to: (i) un-
tal reductions attributable to federal control programs.anticipated losses to equity owners; (ii) changes in
current output; and (iii) changes in long-run profit-
Another complication associated with the no-con- ability. If firms were initially maximizing profits, then
trol scenario is the treatment of air pollution control any of the above three responses will increase its costs.
requirements among the major trading partners of thd-ixed costs of investment will be capitalized imme-
U.S. Real-world manifestation of a no-control scenariodiately. This will result in a loss to owners of equity
would imply that public health and environmental when regulations are introduced. As far as firms are
goals were not deemed sufficiently compelling by U.S.concerned, this is just like a lump sum tax on sunk
policy makers. Under these conditions, major tradingcapital. Such effects will not affect growth or effi-
partners of the U.S. in Japan, Europe, and Canada mayency. However, regulations could also change mar-
well reach similar policy conclusions. Simply put, if ginal costs and therefore current output. In addition,
the U.S. saw no need for air pollution controls, therethey could change profits (i.e., the earnings of capi-
is little reason to assume other developed industriatal), and thus affect investment. Both of these effects
countries would have either. In this case, some of thavill reduce the measured output of the economy.
estimated economic benefits of reducing or eliminat-
ing air pollution controls in the U.S. would not mate- On the consumption side, environmental regula-
rialize because U.S. manufacturers would not necestions change consumers’ expectations of their lifetime
sarily gain a production cost advantage over foreignwealth. In the no-control scenario of this assessment,
competitors. However, like the question of state andifetime wealth increases. This causes an increase in
local programs in the absence of a federal programg¢onsumption. In fact, with perfect foresight, consump-
foreign government policies under a no-control sce-tion rises more in earlier time periods. This also re-
nario would be highly speculative. sults in a change in savings.

Given the severity of these confounding factors, Capital Costs - Stationary Sources

the only analytically feasible assumptions with respect

to the no-control scenario are that (a) no new control  To appropriately model investment in pollution

programs would have been initiated after 1970 by thecontrol requires a recognition that the CAA had two

states or local governments in the absence of a feddifferent effects on capital markets. First, CAA regu-

eral role, and (b) environmental policies of U.S. trad- lations led to the retrofitting of existing capital stock

ing partners remain constant regardless of U.S. policyin order to meet environmental standards. In the no-
control scenario, these expenditures do not occur. In-

Elimination of Compliance Costs in the stead, the resources that were invested in pollution

No-Control Case abatement equipment to retrofit existing sources are
available to go to other competing investments. Thus,

Industries that are affected by environmental regu-8t €ach pointin time, these resources might go to in-

lations can generally respond in three ways: (i) with VEStments in capital in the regulated industry, or may
process changes (e.g., fluidized bed combustion): (ii@° INto investments in other industries, depending
through input substitution (e.g., switching from high UPON relative rates of return on those investments. This
sulfur coal to low sulfur coal); and (i) end-of-pipe will affect the processes of capital formation and deep-

abatement (e.g., the use of electrostatic precipitatiorf"'"9-

to reduce the emissions of particulates by combus- o

tion equipmenty. Clean air regulations have typically Second, the CAA placed restrictions on new
led to the latter two responses, especially in the shorfOUrces of emissions. When making investment deci-
run. End-of-pipe abatement is usually the method Ofsmns,_flrms take into accqunt the addltlo_nal cost of
choice for existing facilities, since modifying exist- Pollution abatement equipment. Effectively, the

7 Regulation may also affect the rate of investment, and change the rate of capital accumulation.
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“price” of investment goods is higher because moreassociated with the use of unleaded and lower leaded
units of capital are required to produce the same(i.e., unleaded and lower leaded gasoline is less cor-
amount of output. In the no-control scenario, thererosive, and therefore results in fewer muffler replace-

are no restrictions on new sources and hence no ranents, less spark plug corrosion, and less degrada-
qguirements for pollution control expenditures. Effec- tion of engine oil) were represented as changes in
tively, the “price” of investment goods is lower. Thus, prices for other services (sector 34).

at each point in time, investors are faced with a lower
price of investment goods. This results in a different

. : . Direct Compliance Expenditures
profile for investment over time.

Data

Operating and Maintenance Costs - Stationary
Sources Sources of Cost Data

In addition to purchasing pollution abatement  Cost data for this study are derived primarily from
equipment, firms incurred costs to run and maintainthe 1990Cost of Clearreport. EPA publishes cost
the pollution abatement equipment. In the no-controlgata in response to requirements of the Clean Air and
scenario, resources used to pay for these operatinglean Water Acts. The following subsections describe
and maintenance (O&M) costs are freed up for othercost of Cleardata in detail, as well as adjustments

uses. The model assumes that the resources requireglade to the data and data from other sources.
to run and maintain pollution control equipment are

in the same proportions as the factor inputs used itost of Clean Data

the underlying production technology. For example,

if 1 unit of labor and 2 units of materials are used to  EPA is required to compile and publish public
produce 1 unit of output, then one-third of pollution and private costs resulting from enactment of the Clean
control O&M costs are allocated to labor and two- Ajr Act and the Clean Water Act. The 199®st of
thirds are allocated to materials. These adjustmentgleanreport presents estimates of historical pollution
were introduced at the sector level. O&M expendi- control expenditures for the years 1972 through 1988
tures are exclusive of depreciation charges and offsejng projected future costs for the years 1989 through

by any recovered costs. 2000. This includes federal, state, and local govern-
. . ments as well as the private sector. Estimates of capi-
Capital Costs - Mobile Sources tal costs, operation and maintenance (O&M) costs,

and total annualized costs for five categories of envi-

Capital costs associated with pollution control ronmental media, including air, water, land, chemi-
equipment were represented by changing costs fogg| and multi-media, are presented. It should be noted
motor vehicles (sector 24) and other transportationhat these estimates represent direct regulatory imple-
equipment (sector 26). Prices (unit costs) were reduceghentation and compliance costs rather than social
in proportion to the value of the pollution control de- ~gsts. Theost of Cleamelied on data from two gov-
vices contained in cars, trucks, motorcycles, and airernmental sources, the EPA and the U.S. Department
craft. of Commerce (Commerce).

Operating and Maintenance - Mobile Sources EPA Data

Prices for refined petroleum products (sector 16)  EpA expenditures were estimated from EPA bud-
were changed to reflect the resource costs associatgght justification documenfsEstimates of capital and
with producing unleaded and reduced lead gasolingperating costs resulting from new and forthcoming
(fuel price penalty), the change in fuel economy for regulations were derived from EPA’s Regulatory Im-
vehicles equipped with pollution control devices (fuel pact Analyses (RIAs). RIAs have been prepared prior
economy penalty), and the change in fuel economyq the issuance of all major regulations since 1981.
due to the increased fuel density of lower leaded anq:ina”y, special analyses conducted by EPA program
no lead gasoline (fuel economy credit). Third, inspec-pffices or contractors were used when other data
tion and maintenance costs and a maintenance credipyrces did not provide adequate or reliable data.

8 The main source of data for EPA expenditures isltistification of Appropriation Estimates for Committee on Appropriations.
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Commerce Data by state and Standard Industrial Code (SIC) at the four-
digit level. According to Census, surveys conducted
Data collected by Commerce were used extensince 1976 have not included establishments with
sively in theCost of Clearfor estimates of historical fewer than 20 employees because early surveys
pollution control expenditures made by governmentshowed that they contributed only about 2 percent to
agencies other than EPA and by the private sectorthe pollution estimates while constituting more than
Two Commerce agencies, the Bureau of EconomiclO percent of the sample size.
Analysis (BEA) and the Bureau of the Census (Cen-
sus), have collected capital and operating costs for Each year Census conducts a survey of state, lo-
compliance with environmental regulations since thecal, and county governments; and survey results are
early 1970’s. Commerce is, in fact, the primary sourcepublished irGovernment Finance€ensus asks gov-
of original survey data for environmental regulation ernment units to report revenue and expenditures, in-
compliance costs. Commerce publishes a number ofluding expenditures for pollution control and abate-
documents that report responses to surveys and conment.
prise most of the current domain of known pollution
abatement and control costs in the United States, in- Non-EPA Federal expenditures were estimated
cluding: from surveys completed by federal agencies detailing
their pollution control expenditures, which are sub-
» Aseries of articles entitled “Pollution Abate- mitted to BEA. Private sector air pollution control
ment and Control Expenditures” published expenditures, as well as state and local government
annually in theSurvey of Current Business air pollution expenditures, were taken from BEA ar-
by BEA (BEA articles); ticles.

« A series of documents entitled “Pollution Stationary Source Cost Data
Abatement Costs and Expenditures” pub-
lished annually in th€urrent Industrial Re-  capital Expenditures Data
portsby Census (PACE reports); and

Capital expenditures for stationary air pollution
* A series of documents entitigdovernment  control are made by factories and electric utilities for
Financespublished annually by Census (Gov- plant and equipment that abate pollutants through end-
ernment Finances). of-line (EOL) techniques or that reduce or eliminate
the generation of pollutants through changes in pro-
BEA articles contain data derived from a number gyction processes (CIPP). For the purposes of this
of sources, including two key agency surveys —thereport EOL and CIPP expenditures are aggredated.
“Pollution Abatement Costs and Expenditures Sur-Taple A-3 summarizes capital expenditures for sta-
vey” (PACE Survey) and the “Pollution Abatement tionary air pollution control, categorized as “nonfarm
Plant and Equipment Survey” (PAPE Survey)— pusiness” or “government enterprise” expenditures.
which are conducted annually by Census for BEA.
Data have been reported for 1972 through 1987. Nonfarm business capital expenditures consist of
plant and equipment expenditures made by 1) manu-
PACE reports have been published annually sinceacturing companies, 2) privately and cooperatively
1973 with the exception of 1987. Figures for 1987 gwned electric utilities, and 3) other nonmanufacturing
were estimated on the basis of historical shares Withirbompanies. “Government enterprise” is, according to
total manufacturing. These reports contain expendi-Bga an agency of the government whose operating
ture estimates derived from surveys of about 20,00Qosts, to a substantial extent, are covered by the sale
manufacturing establishments. Pollution abatementyf goods and services. Here, government enterprise
expenditures for air, water and solid waste are reporte¢heans specifically government enterprise electric

® The most recent BEA article used as a source for air pollution control costs in the Cost of Clean was “Pollution Abatement and
Control Expenditures, 1984-87" Burvey of Current Busingshine 1989.

10 Survey respondents to the Census annual Pollution Abatement Surveys report the difference between expenditures for CIPP
and what they would have spent for comparable plant and equipment without pollution abatement features. Disaggregated capital
expenditures by private manufacturing establishments can be found in annual issues of Census reports.
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sociated with switching to alternative fuels that have

Table A-3. Estimated Capital and O&M lower sulfur content (fuel differential). Expenditures
Expenditures for Stationary Source Air to operate air pollution abatement equipment are for
Pollution Control (millions of current dollars). the collection and disposal of flyash, bottom ash, sul-

fur and sulfur products, and other products from flue

gases? O&M expenditures are net of depreciation
';0 ”:‘;’]”ms GEC;]"E:”??em and payments to governmental units, and are summa-
BUSIess Enieprise rized in Table A-3. O&M data were disaggregated to
Year Cap® O&M® Cap? 0&M° the two digit SIC level for use in the macroeconomic
1972 2,172 63 model.
1973 2,968 1,407 82 29
1974 3,328 1,839 104 56 For both capital and O&M expenditures, histori-
1975 3,914 2,195 102 45 cal survey data were not available for each year
1976 3,798 2,607 156 58 through 1990 prior to publication @ost of Clean
1977 3,811 3,163 197 60 For the purpose of the section 812 analysis, EPA pro-
1978 3,977 3,652 205 72 jected 1988-1990 capital expenditures and 1986-1990
1979 4,613 4,499 285 106 O&M expenditures. Those projections were used in
L T 398 148 the macroeconomic simulation, and have been retained
1981 5,135 5,988 451 135 _ y <9
1982 5086 5674 508 141 as cost estimates to ensure consistency between the
1983 4,155 6,149 422 143 macroeconomic results and the direct cost estimates.
1984 4,282 6,690 416 147 Since completion of the macroeconomic modeling,
1985 4,141 6,997 328 189 however, BEA has published expenditure estimates
1986 4,090 7,116 312 140 through 1990. A comparison of more recent BEA es-
122; 3;23 ;'3(132 Z; 12(1) timates with the EPA projections used in the section
1989 4:760 7:743 3E 173 812 anaIyS|s_ (ian be_ found in the “Uncertainties in the
1990 4,169 8,688 226 154 Cost Analysis” section, below.
Sources: Recovered Costs

a. Non-famm capital expenditures for 1972-87 are ffoost
of Clean Table B-1, line 2.
b. Non-faim O&M expenditures for 197 3-85 are fr@nst

of Clean Table B-1, line 8. _ “Recovered costs” are costs recovered (i.e., rev-
c. Government enterprise capital expenditures for 1972-87 . . . .

are fromCost of CleanT able B fine L.~ enues realized) by private manufacturing establish-
are fromCost ofCIeaan'ab_Ie B-9, line 5. _ ments through abatement activities. According to in-
All other reported expenditures are EPA estimates. structions provided to survey participants by Census,

recovered costs consist of 1) the value of materials or
energy reclaimed through abatement activities that
utilities. Government enterprise capital expendituresyere reused in production and 2) revenue that was
are pollution abatement expenditures made by pubgpptained from the sale of materials or energy reclaimed
licly owned electric utilities: through abatement activities. Estimates of recovered
costs were obtained from the PACE reports and are
Operation and Maintenance Expenditures Data  symmarized in Table A-4. In this analysis, recovered
costs were removed from total stationary source air
Stationary source O&M expenditures are madepo||ution control O&M costs — that is, net O&M cost
by manufacturing establishments, private and publicin any year would be O&M expenditures (see Table
electric Utilities, and other nonmanUfaCturing busi- A_3) less recovered costs. Recovered cost data were

nesses to operate air pollution abatement equipmentiisaggregated to the two digit SIC level for use in the
O&M expenditures for electric utilities are made up macroeconomic model.

of two parts: 1) expenditures for operating air pollu-
tion equipment and 2) the additional expenditures as-

11 BEA calculates these expenditures using numbers obtained from Energy Information Agency (EIA) Form 767 on steam-
electric plant air quality control.

2 Farber, Kit D. and Gary L. Rutledge, “Pollution Abatement and Control Expenditures: Methods and Sources for Current-
Dollar Estimates,” Unpublished paper, Bureau of Economic Analysis, U.S. Department of Commerce, October 1989.
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] sults to other similar analyses (includ@gst of Clean

Table A-4. Estimated Recovered Costs for (1990)).

Stationary Source Air Pollution Control

(millions of current dollars). Capital Expenditures Data

Capital expenditures for mobile source emission

Year BACEL Estimated control are associated primarily with pollution abate-
1972 248 ment equipment on passenger cars, which comprise
1973 199 the bulk of all mobile sources of pollution. These capi-
1974 296 tal costs reflect increasingly stringent regulatory re-
1975 389 quirements and improvements in pollution control
18;3 gg? technologies over time. E_ach of the foIIowing devices
1978 617 have been used at one time or another dating back to
1979 750 750 the Clean Air Act Amendments of 1965: air pumps,
1980 862 862 exhaust-gas recirculation valves, high altitude con-
1981 1,000 997 trols, evaporative emissions controls, and catalysts.
1982 858 857 The cost estimates for each component were computed
1983 822 822 on a per-vehicle basis by engineering cost analyses
1984 866 870 commissioned by EPA. The resulting per-vehicle capi-
1985 67 768 tal costs were multiplied by vehicle production esti-
1986 860 867 ) )
1987 987 mates to determine annual capital costs. Table A-5
1988 1,103 1,107 summarizes mobile source capital costs.
1989 1,122
1990 1,256 Operation and Maintenance Expenditures Data

* Air cost recovered as reported in PACE Costs for operation and maintenance of emission

Source "Pollution Abatement Costs and abatement devices include the costs of maintaining

Expenditures” published annually inthe Current pollution control equipment plus the cost of vehicle

MEIETE [REPEis (o C2nss, inspection/maintenance programs. Operating costs per

vehicle were multiplied by total vehicles in use to
determine annual cost. Mobile source O&M costs are
made up of three factors: 1) fuel price penalty, 2) fuel
_ _ o economy penalty, and 3) inspection and maintenance
Costs of controlling pollution emissions from program costs as described below. These costs are
motor vehicles were estimated by calculating the purnjtigated by cost savings in the form of maintenance
chase price and O&M cost premiums associated Withsconomy and fuel density economy. Table A-6 sum-
vehicles equipped with pollution abatement controls jarizes mobile source O&M expenditures and cost
over the costs for vehicles not equipped with SUChsavings by categories, with net O&M costs summa-
controls. These costs were derived using EPA analyrized above in Table A-5. The following sections de-

ses, including EPA RIAs, tf@ost of Cleanand other  scribe the components of the mobile source O&M cost
EPA reports? This Appendix summarizes the sec- gstimates.

tion 812 mobile source compliance cost estimates and

provides references to published data sources where  Fyg| Price Penalty

possible. Further information on specific methods,

analytical steps, and assumptions can be found in  Hjstorically, the price of unleaded fuel has been
McConnellet al (1995):* which provides a detailed  geveral cents per gallon higher than the price of leaded

description of the section 812 mobile source cost esfye|. CAA costs were calculated as the difference be-
timation exercise and compares the method and re-

Mobile Source Cost Data

13- A complete listing of sources used in calculating mobile source capital and operating expenditures can b&feinog-n
mental Investments: The Cost of a Clean Environpigyort of the Administrator of the Environmental Protection Agency to the
Congress of the United State, EPA-230-11-90-083, November 1990.

14 Evaluating the Cost of Compliance with Mobile Source Emission Control Requirements: Retrospective Realysises
for the Future Discussion Paper, 1995. Note that McCoanall refer to the section 812 estimates@gst of Clean(1993, unpub-
lished).
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Table A-5. Estimated @dtal and

Operation and Maintenance genditures
for Mobile Source Air Pollution Control
(millions of current dollars).

is likely to understate costs because regulatory require-
ments and market developments cannot be perfectly
anticipated over time. This procedure resulted in esti-
mates that are about ten percent less than estimates in
other EPA report¥. However, new process technolo-
gies that were developed in the mid-1980s were not
reflected in either the base case or regulatory case runs.
It is reasonable to expect that regulatory requirements
would have encouraged development of technologies
at a faster rate than would have occurred otherwise.

Fuel Economy Penalty

The fuel economy penalty benefit is the cost as-
sociated with the increased/decreased amount of fuel
used by automobiles with air pollution control devices
(all else being equal). An assumption that can be made
is that the addition of devices, such as catalytic con-

Year Capital® O&MP®

1973 276 1,765
1974 242 2,351
1975 1,570 2,282
1976 1,961 2,060
1977 2,248 1,786
1978 2,513 908
1979 2,941 1,229
1980 2,949 1,790
1981 3,534 1,389
1982 3,551 555
1983 4,331 -155
1984 5,679 -326
1985 6,387 337
1986 6,886 -1,394
1987 6,851 -1,302
1988 7,206 -1,575
1989 7,053 -1,636
1990 7,299 -1,816

Sources

a. Capital exp..Cost of CleanTables C-2 to C-9, line 3

on each; Tables C-2A to C-9A, line 10 on each; converted
from $1986 to current dollars.

b. O&M exp.: EPA analyses based on sources and
methods in:Costs and Benefits of Reducing Lead in
Gasoline: Final Regulatory Impact Analysig.S.

Environm ental Protection Agency, Office of Policy

Analysis, EPA-230-05-85-006, February 1985; &ast
of Clean

tween the cost of making unleaded gasoline and leaded
gasoline with lower lead levels and the cost of mak-
ing only leaded gasoline with a lead content set at
pre-regulatory levels. These cost estimates were de-
veloped using a linear programming model of the re-
finery industry. Prices of crude oil and other unfin-
ished oils, along with the prices of refinery outputs,
were adjusted annually according to price indices for
imported crude oil over the period of analysis. The
relative shares of leaded and unleaded gasoline and
the average lead content in leaded gasoline also were
adjusted annually according to the historical record.

These estimates may tend to understate costs due
to a number of biases inherent in the analysis process.
For example, the refinery model was allowed to opti-
mize process capacities in each year. This procedure

Table A-6. O&M Costs and Credits (millions
of current dollars).

Fuel
Fuel Price  Econ. Net Total

Year Penalty Penalty 1& M*  Costs

1973 91 1700 -26 1765
1974 244 2205 -98 2351
1975 358 2213 -289 2282
1976 468 2106 -514 2060
1977 568 1956 -738 1786
1978 766 1669 -1527 908
1979 1187 1868 -1826 1229
1980 1912 1998 -2120 1790
1981 2181 1594 -2386 1389
1982 2071 1026 -2542 555
1983 1956 628 -2739 -155
1984 2012 313 -2651 -326
1985 3057 118 -2838 337
1986 2505 -40 -3859 -1394
1987 2982 -158 -4126 -1302
1988 3127 -210 -4492 -1575
1989 3476 -318 -479% -1636
1990 3754 -481 -5089 -1816

* Inspection and maintenance costs less fuel density savings
and maintenance savings.

SoaurcesAll results are presented in Jorge nsdral. (1993),

pg. A.17. FPP results are based on a petroleum refinery cost
model run for the retrospective analysis. FEP and Net I&M
are based on data and methods ffoasts and Benefits of
Reducing Lead in Gasoline: Final Regulatory Impact
Analysis U.S. Environmental Protection Agency, Office of
Policy Analysis, EPA-230-05-85-006, February 1985; and
Cost of Clear{1990). Specific analytic procedures are

summ arized in McConne#t al. (1995).

5 Costs and Benefits of Reducing Lead in Gasoline: Final Regulatory Impact Analysis, U.S. Environmental Protection Agency,

Office of Policy Analysis, EPA-230-05-85-006, February 1985.
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verters, decrease automobile fuel efficieffcif.this Maintenance Credits

assumption is true, air pollution control devices in-

crease the total fuel cost to consumers. An alternative  Catalytic converters require the use of unleaded

assumption is that the use of catalytic converters haguel, which is less corrosive than leaded gasoline. On

increased fuel economy. This increase has been athe basis of fleet trials, the use of unleaded or lower

tributed in large measure to the feedback mechanisnteaded gasoline results in fewer muffler replacements,

built into three-way catalytic convertérsUnder this  less spark plug corrosion, and less degradation of en-

assumption, the decrease in total fuel cost to consungine oil, thus reducing maintenance costs. Mainte-

ers is considered a benefit of the program. nance credits account for the majority of the direct
(non-health) economic benefits of reducing the lead

For the purposes of this study, sensitivity analy- concentration in gasoline.

ses were performed using data presented itCtst

of Cleanreport. These analyses were conducted to  Fuel Density Credits

evaluate the significance of assumptions about the

relationship between mile per gallon (MPG) values  The process of refining unleaded gasoline in-

for controlled automobiles and MPG values for un- creases its density. The result is a gasoline that has

controlled cars. Based on results of these and othenigher energy content. Furthermore, unleaded gaso-

analyses, fuel economy was assumed to be equal fdine generates more deposits in engine combustion

controlled and uncontrolled vehicles from 1976 on- chambers, resulting in slightly increased compression

ward. This may bias the cost estimates although in amnd engine efficiency. Higher energy content of un-

unknown direction. leaded gasoline and increased engine efficiency from
the used of unleaded gasoline yield greater fuel
Inspection and Maintenance Programs economy and therefore savings in refining, distribu-

tion, and retailing costs.

Inspection and maintenance programs are admin-
istered by a number of states. Although these program®ther Direct Cost Data
are required by the Clean Air Act, the details of ad-
ministration were left to the discretion of state or lo- The Cost of Clearreport includes several other
cal officials. The primary purpose of inspection and categories of cost that are not easily classified as ei-
maintenance programs is to identify cars that requirgher stationary source or mobile source expenditures.
maintenance —including cars that 1) have had pooirederal and state governments incur air pollution
maintenance, 2) have been deliberately tampered witQpatement costs; additionally, federal and state gov-
or had pollution control devices removed, or 3) havegrnments incur costs to develop and enforce CAA
used leaded gasoline when unleaded is required— anggulations. Research and development expenditures
force the owners of those cars to make necessary gy the federal government, state and local govern-
pairs or adjustment8.Expenditures for inspection and ments, and (especially) the private sector can be at-
maintenance were taken from t@est of Clean tributed to the CAA. These data are summarized by

year in Table A-7.

Beneficial effects of the mobile source control
program associated with maintenance and fuel den-  ynjike the other private sector expenditure data
sity were also identified. These cost savings were inysed for this analysis, the survey data used as a source
cluded in this study as credits to be attributed to thepr private sector R&D expenditures cannot be disag-
mobile source control program. Credits were estimatetyregated into industry-specific expenditure totals.

based on an EPA studywhere more detailed expla- Consequently, private sector R&D expenditures are
nations may be found.

6 Memo from Joel Schwartz (EPA/OPPE) to Joe Somers and Jim DeMocker dated December 12, 1991, and entitled “Fuel
Economy Benefits.” Schwartz states that since this analysis is relative to a no Clean Air Act baseline, not a 1973 baseline, fuel
economy benefits are not relevant. In the absence of regulation, tuning of engines for maximum economy would presumably be
optimal in the base case as well.

7 Memo from Joseph H. Somers, EPA Office of Mobile Sources, to Anne Grambsch (EPA/OPPE) and Joel Schwartz (EPA/
OPPE) entitled “Fuel Economy Penalties for section 812 Report,” December 23, 1991.

18 Walsh, Michael P., “Motor Vehicles and Fuels: The Problda®A JournalVol. 17, No. 1, January/February 1991, p. 12.

¥ Schwartz, Jet al. Costs and Benefits of Reducing Lead in Gasoline: Final Regulatory Impact Andh&i€Environmental
Protection Agency, Economic Analysis Division, Office of Policy Analysis, February 1985.

A-13




The Benefits and Costs of the Clean Air Act, 1970 to 1990

from more recent issues of tigurvey of
Table A-7. Other Air Pollution Control Expenditures (millions of Current Business (BEA). Federal govern-

current dollars). ment expenditures are from BEA (various
issues). Private R&D expenditures were
Regulations Research reported inCost of CleanSince publica-
Year Abatement and Monitoring ~ and Development  Total tion of Cost of Cleapnhowever, BEA has
State & State & State & revised its private sector R&D expenditure
Fed?® Locaf Fed: Locaf  Privaté Fed' LocaP series (BEA, 1994 and 1995). Since private
1973 47 0 50 115 492 126 6 836 R&D expenditures were not included in the
1974 56 0 52 131 520 100 7 866 macroeconomic modeling exercise, the re-
1975 88 1 66 139 487 108 8 897 vised series can be (and has been) used
ig;? 182 i gg 12? 2?; iii ? 1'(1)(7’2 without causing inconsistency with other
JES . - e 8 1325 portions of the section 812 analysis.
1979 103 0 100 200 933 105 7 1,448
1980 95 0 122 207 851 130 5 1,410 Assessment Results
1981 85 0 108 226 798 131 0 1,348 . .
1982 87 O 93 230 761 126 2> 1,220 Compliance Expenditures and
1983 136 4 88 239 691 133 6 1,297 Costs
1984 115 14 101 250 665 165 4 1,314
1985 98 12 103 250 775 247 3 1,488 Compliance with the CAA imposed
1986 67 14 106 307 833 217 4 1,548] direct costs on businesses, consumers, and
1987 80 15 110 300 887 200 2 1,594 governmental units, and triggered other
1988 65 10 120 320 934 220 1 1,670}  expenditures such as governmental regula-
L 80 ety siehy - 2el 2 L788  {ionand monitoring costs and expenditures
1990 71 13 133 343 749 231 2 1,542
for research and development by both gov-
ernment and industry. As shown in Table
Sources

a. Federal government abatement expenditures: 1973-82, “Pollution Abatement and ControIA'Sa annual CAA compllance expendltures
Expenditures”,_Survey of Current BusinéB&A) July 1986 Table 9 line 13; 1983-87, BEA — including R&D, etc.— over the period

June 1989 Table 7 line 13; 1988-90, BEA May 1995 Table 7 line 13.
b. State and local abatement expenditures: 19 7&8@st, of CleanT able B-9 line 2; 1988-90, from 1973 to 1990 were remarkably

BEA May 1995 Table 7 line 14. stablé?, ranging from about $20 billion to

c. Federal government “regs/monitoring” expenditures: 1973-82, BEA July 1986, Table 9 lin il e inn-adi _
17; 1983-87, BEA June 1989 Table 6 line 17; 1988-90, BEA May 1995 Table 7 line 17. e$25 bI”IOI'l n mﬂatlon adJUSted 1990 dOI

d. State and local government “regs/monitoring” expenditures: 197@e&¥,of CleanT able lars (expenditures are adjusted to 1990 dol-

Eollinel:i1983-o0: B EAIM ay Lo 95 TableTiliner1s. , lars through application of the GDP Implicit
e. Private sector R&D expenditures: 1973-86, BEA May 1994 Table 4 (no line #) [total R&D

expenditures in $1987 are converted to current dollars using the GDP price deflator series foﬂﬁice Deﬂator)- This is equal to apprOXi'

elsewhere in this Appendix -- netting out public sector R&D leaves private sector expendituremately one third of one percent of total
1987-90, BEA May 1995 Table 7 line 20. . . . .

f. Federal government R&D expenditures: 197 3-82, BEA July 1986 Table 9 line 21; 1983-87,domeStIC OUtpu_t durlng that perIOd! Wlth the
BEA June 1989 Table 6 line 21; 1988-90, BEA May 1995, Table 7 line 21. percentage falling from one half of one per-

g. State and local government R&D expenditures: 197%83t of CleanT able B-9 line 4; :
1988.90, BEA May 1095 Table 7 line 22 cent of total ou'Fput in 1973 to one quarter
of one percent in 1990.

omitted from the macroeconomic modeling exercise  Although useful for many purposes, a summary
(the macro model is industry-specific). The R&D ex- of direct annual expenditures is not the best cost mea-
penditures are, however, included in aggregate cosfure to use when comparing costs to benefits. Capital
totals used in the benefit-cost analysis. expenditures are investments, generating a stream of
benefits (and opportunity cost) over the life of the in-
TheCost of Clearand the series of articles “Pol-  vestment. The appropriate accounting technique to use
lution Abatement and Control Expenditures” in the for capital expenditures in a cost/benefit analysis is to
Survey of Current Business (various issues) are th@nnualizethe expenditure — i.e., to spread the capi-
data sources for “Other Air Pollution Control Expen- tal cost over the useful life of the investment, apply-

ditures.” State and local expenditures through 198%ng a discount rate to account for the time value of
are found irCost of Clean1988-90 expenditures are money.

2 While total expenditures remained relatively constant over the period, the sector-specific data presented in Tables A-3 and A-5
above indicate that capital expenditures for stationary sources fell significantly throughout the period but that this decline was offset
by significant increases in mobile source capital expenditures.
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The Benefits and Costs of the Clean Air Act, 1970 to 1990

Annualization Method The Stationary Source table reports a capital ex-
penditure of $6,521 million for 1972 (in 1990 dol-
For this cost/benefit analysis, all capital expendi- lars). The cost is spread over the following twenty
tures have been annualized at 3 percent, 5 percenyears (which is the assumed useful life of the invest-
and 7 percent (real) rates of interest. Therefore, “anment) using a discount rate of five percent; thus, the
nualized” costs reported for any given year are equahmortization factor to be used is f(20)=0.0802. Mul-
to O&M expenditures (plus R&D, etc., expenditures, tiplying $6,521 million by 0.0802 gives an annuity of
minus recovered costs) plus amortized capital cost$523 million. That annuity is noted on the first data
(i.e., depreciation plus interest costs associated witlrow of the table, signifying that the 1972 expenditure
the pre-existing capitadtock for that year. Station- of $6,521 million implies an annual cost of $523 mil-
ary source air pollution control capital costs are am-lion for the entire twenty-year period of 1973 to 1992
ortized over twenty years; mobile source air pollution (the years following 1990 are not included on the
control costs are amortized over ten years. Capitatables, since costs incurred in those years are not in-
expenditures are amortized using the formula for ancluded in this retrospective assessment). The first sum-
annuity [that is, r/(1-(1+r) , where r is the rate of mary row near the bottom of the table (labeled “SUM”)
interest and t is the amortization peri@dMultiply- reports aggregate annualized capital costs: for 1973
ing the expenditure by the appropriate annuity factor(the first data column), capital costs are $523 million.
gives a constant annual cost to be incurred for t years,
the present value of which is equal to the expenditure.  Capital expenditures in 1973 amounted to $8,360
million. Using the amortization technique explained
Due to data limitations, the cost analysis for this above, one can compute an annualized cost of $671
CAA retrospective starts in 1973, missing costs in-million, incurred for the twenty-year period of 1974
curred in 1970-72Cost of Cleanhowever, includes to 1993. Aggregate annualized capital costs for 1974
stationary source capital expenditures for 1972. In thisnclude cost flows arising from 1972 and 1973 invest-
analysis, amortized costs arising from 1972
capital investmentmre includedn the 1973-

1990 annualized costs, even though 197 1 0 A9 Annualized Costs, 1973-1990 (millions of 1990

costs are not otherwise included in the anal) dollars; capital expenditures annualized at 5 percent).

sis. Conversely, only a portion of the (e.g..

1989 capital expenditures are reflected in th Stationary rec. Mobile Source

1990 annualized costs — the remainder ¢ K 08M | costs K 0&M | other | Total

the costs are spread through the followin 1973 523 3,936 545 0 4,838 2290| 11,042

two decades, which fall outside of the scop: 1974 1194 4778) 746 98 5927 2.184] 13435
1975 1,888 5,154 895 177 5,250 2,063| 13,638

of th'S.StUdy (S'm”arIY’ benefits arising from 1976 | 2,630 5768 1,074 645 4459| 2,183| 14611
emission reductions in, e.g., 1995 causedt  1g7| 3317  6s27| 1128| 1104 3617| 2378| 15904
1990 capital investments are not capture 1g78| 398 6,901 1158 1784 1705| 2,487| 15776
by the benefits analysis). Table A-9 present 1979| 4598 7,959| 1296 2395 27124| 2503| 18282
CAA compliance costs from 1973 to 1990, 1%0| 5277 8791 1,361| 3053 2,826| 2226 20812
in 1990 dollars, with capital expenditures 1%1| 5967 8785 1430f 3656 1993| 1,935] 20905
amortized at a five percent real interest rate  1%2( €610 7.855( 1,158} 4313 750} 1,755( 20125
“Total” costs are the sum of stationary 1983| 7,217 82168 1,067| 4934  (201) 1,684 20,734

bil d “other” 1984 7,694 8,505 1,082 5,564 (406) 1,634| 21,909
source, mobile source, an other” costs 1985 8,163 8,617 921 6,400 404 1,785| 24,447

minus recovered costs. 1936| 8593 8477| 1,013| 6,924 (@628 1,809| 23161
187 9005 8602| 1,117| 7,416 (1,474) 1,804| 24,237

Tables A-10 and A-11 provide details 19%8| 9410 8143 1,206| 7,831 (1,716) 1,819 24281

of the amortization calculation (using a five 1989 9804 8259 1,171} 8237 (1,707)] 1.865| 25288
percent interest rate) for stationary source 901 10222 8842] 1256] 8531 (LBIG)] 1542] 26066

and mobile sources, respectively. Simila R : : :
. . Source: Stationary source capital costs and mobile source capital costs are from
calculations were performed to derive the Tables A-10 and A-11, respectively. All other costs and offsets are from Table

annualized cost results using discount rate A-8.

Of three percent and seven percent, ]

2L Using an interest rate of five percent, the factor for a twenty year amortization period is 0.0802; that for a ten year amortiza-
tion period is 0.1295.
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Appendix A: Cost and Macroeconomic Modeling

ments: that is, $523 million plus $671 million, or The three tables above all present costs (and in-
$1,194 million (see the “SUM” row). Similar calcu- termediate calculations) assuming a five percent in-
lations are conducted for every year through 1990, tderest rate. As noted above, the Project Team also
derive aggregate annualized capital costs that increasemployed rates of three percent and seven percent to
monotonically from 1973 to 1990, even though capi- calculate costs. Those calculations and intermediate
tal expenditures decline after 19%75. results are not replicated here. The method employed,
however, is identical to that employed to derive the
An alternative calculation technique is available five percent results (with the only difference being
that is procedurally simpler but analytically identical the interest rate employed in the annuity factor calcu-
to that outlined above. Instead of calculating an annuiation). Table A-12 presents a summary of expendi-
ity for each capital expenditure (by multiplying the tures and annualized costs at the three interest rates.
expenditure by the annuity factdy, then summing
the annuities associated with all expenditures in |- —

vious years, one can sum all previous expenditures  Tgpje A-12. Compliance Expenditures and

and multiply the sum (i..e., the capital stock at the Annualized Costs, 1973-1990 ($1990
start of the year) by. The third summary row (la- millions).

beled “K stock”) near the bottom of the amortization

summary tables give the pollution control capital stock :
at the start of each year. For example, the stationary Year Expend. ara%  at5% arZ%
sources capital stock in place at the start of 1975 was 1973 19,635 10957 11,0421,134
$23,533 million (this is the sum of 1972, 1973, and 1974 21,405 13,231 13,43%3,655
1974 capital expenditures). Multiplying the capital 1975 24,425 13,314 13,6383,988
stock by the annuity factor 0.0802 gives $1,888 mil- 1976 24,139 14,123 14,6115,139
lion, which is the aggregate annualized stationary 1977 24,062 15,253 15,9046,608
source capital cost for 1975. 1978 22,593 14,963 15,7766,653
1979 24,837 17,309 18,2829,331
One can perform further calculations to decom- 1980 25,741 19,666 20,8122,046
pose the annualized capital costs into “interest” and 1981 24,367 19,590 20,9082,321
“financial depreciation” componemsFor example, 1982 21,555 18,643 20,1281,720
at the start of 1973, the stationary source capital stock RS ZUE ks 2l retaans
was $6,521 million. A five percent interest rate im- s zlEel o ZiiEw ZIerERaie
plies an “interest expense” for 1973 of $326 million. LR ZAEOU ZEEE AL
Given a 1973 annualized cost of $523 million, this 1986 20831 21,109  23,1625,364
o p - » 1987 20,615 22,072 24,2326,562

implies a “depreciation expense” for that year of ($523

o : T - 1988 19,805 22,012 24,2826,719
m|II|on_m_|nus $3_26 million =) $197“ r_nllllor_L For 1974, 1989 10817 22016 252887 836
the existing capital stock net of “financial deprecia- 1090 19010 23508 26,066 28,717

tion” was $14,684 million (that is, the $6,521 million
in place at the start of 1973, plus the investment of
$8,360 million during 1973, minus the depreciation
of $197 million during 1973); five percent of $14,684
million is the interest expense of $734 million. Since Discounting Costs and Expenditures

the annualized capital cost for 1974 is $1,194 mil-

lion, depreciation expense is $460 million (i.e., the  The stream of costs from 1973 to 1990 can be
difference between annualized cost and the intereseéxpressed as a single cost numbedisgountingall
component of annualized cost). This procedure is re€osts to a common year. In this analysis, all costs and
peated to determine interest and depreciation for eachenefits are discounted to 1990 (in addition, all costs
year through 1990 (see the last three rows of Table Aand benefits are converted to 1990 dollars, removing
11). the effects of price inflatiorff. There is a broad range

2 Similar calculations were performed for mobile source control capital costs, where the assumed amortization period is ten years.
= One might, for example, wish to examine the relative importance of the “time value” component of the computed capital costs.

2 Unlike most cost-benefit analyses, where future expected costs and benefits are discounted back to the present, this exercise
brings past costs closer to the present. That is, the discounting procedure used here is actually compounding past costs and benefits.
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of opinion in the economics profession regarding theof the CAA, as estimated by the J/W macroeconomic
appropriate discount rate to use in analyses such asmulation.

this. Some economists believe that the appropriate rate

is one that approximates the social rate of time pref-GNP and Personal Consumption

erence — three percent, for example (all rates used

here are “real”, i.e., net of price inflation impacts). ~ Under the no-control scenario, the level of GNP

Others believe that a rate that approximates the opincreases by one percent in 1990 relative to the con-
portunity cost of capital (e.g., seven percent or greaterjrol case (see Table A-14). During the period 1973-
should be used. A third school of thought holds that1990, the percent change in real GNP rises monotoni-
some combination of the social rate of time prefer-cally from 0.26 percent to 1.0 percent. The increase
ence and the opportunity cost of capital is appropri-
ate, with the combination effected either by use of an

intermediate rate or by use of a multiple-step proce- Table A-14. Differences in Gross
dure which uses the social rate of time preference as National Product Between the Control and
the “discount rate,” but still accounts for the cost of No-control Scenarios.

capital. The section 812 Project Team chose to use a

range of discount r_ates (three, five, and seven per- R L
cent) for the analysis. Year c R Change
Expenditures and annualized costs discounted to 1973 -0.09 0.26
1990 are found on Table A-13. Expenditures are dis- 1974 -0.18 0.27
counted at all three rates; annualized costs are dis- . e GLAr
counted at the rate corresponding to that used in the 12;? :8'(1)8 8'2’2
annualization procedure (i.e., the “annualized at 3%" 1978 _0:16 0:56
cost stream is discounted to 1990 at three percent). 1979 0.16 0.63
The final row presents the result of an explicit combi- 1980 0.14 0.69
nation of two rates: Capital costs are annualized at 1981 -0.14 0.73
seven percent, then the entire cost stream is discounted 1982 -0.19 0.74
to 1990 at three percent. 1983 -0.19 0.78
1984 -0.17 0.84
1986 -0.14 0.98
Table A-13. Costs Discounted to 1990 ($1990 1987 -0.15 1.01
millions). 1988 -0.20 1.00
1989 -0.21 0.99
. 2% e 1990 -0.18 1.00
Expenditures 520475 627,621 760,751
Annualized Costs 416,804 522906 657,003 I ———————————————————————————
AUIIelio VNACOMETC S in the level of GNP is attributable to a rapid accumu-

lation of capital, which is driven by changes in the
price of investment goods. The capital accumulation
effect is augmented by a decline in energy prices rela-
Indirect Economic Effects of the CAA tive to the base case. Lower energy prices that corre-
spond to a world with no CAA regulations decreases
costs and increases real household income, thus in-
creasing consumption.

In addition to imposing direct compliance costs
on the economy, the CAA induced indirect economic
effects, primarily by changing the size and composi-

tion of consumption and investment flows. Although ital i alent to | i th inal ori ¢
this analysis does not add these indirect effects to th&aP!tal Is equivaient to lowering the marginal price o
investment goods. Combining this with the windfall

direct costs and include them in the comparison to . . . 0 o
benefits, they are important to note. This section sumdan of not having to bring existing capital into com-

marizes the most important indirect economic effects'oIIance Iead_s_to an initial surge n the economy’s rate
of return, raising the level of real investment. The in-

Removing the pollution control component of new
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vestment effects are summarized in Figure A-1. Moretechnical change in those industries that are factor-
rapid (ordinary) capital accumulation leads to a de-using. Lower rental prices for capital benefit the capi-
cline in the rental price of capital services which, in tal-using sectors, lower materials prices benefit the
turn, stimulates the demand for capital services by promaterials-using sectors, and lower energy prices ben-
ducersandconsumers. The capital rental price reduc- efit the energy-using sectors. On balance, a signifi-
tions also serve to lower the prices of goods and sereant portion of the increase in economic growth is
vices and, so, the overall price level. Obviously, theattributable to accelerated productivity growth. Un-
more capital intensive sectors exhibit larger price re-der the no-control scenario, economic growth aver-
ductions?® The price effects from investment changes ages 0.05 percentage points higher over the interval
are compounded by the cost reductions associated with973-1990. The increased availability of capital ac-
releasing resources from the operation and mainteeounts for 60 percent of this increase while faster pro-
nance of pollution control equipment and by the elimi- ductivity growth accounts for the remaining 40 per-
nation of higher prices due to regulations on mobilecent. Thus, the principal effect arising from the costs

sources.

associated with CAA initiatives is to slow the
economy’s rates of capital accumulation and produc-

To households, no-control scenario conditions aretivity growth. This finding is consistent with recent
manifest as an increase in permanent future real earranalyses suggesting a potential association between
ings which supports an increase in real consumptiorhigher reported air, water, and solid waste pollution
in all periods and, generally, an increase in the de-abatement costs and lower plant-level productivity in
mand for leisure (see Table A-15). Households mar-some manufacturing industries (Gray and Shadbegian,
ginally reduce their offer of labor services as the in-1993 and 1995).

Table A-15. Difference in Personal
Consumption Between the Control
and No-Control Scenarios.

Nominal % Real %
Year Change  Change
1973 -0.02 0.33
1974 -0.01 0.43
1975 -0.10 0.24
1976 -0.10 0.39
1977 -0.10 0.54
1978 -0.09 0.63
1979 -0.11 0.68
1980 -0.12 0.71
1981 -0.13 0.74
1982 -0.12 0.81
1983 -0.13 0.85
1984 -0.15 0.86
1985 -0.19 0.88
1986 -0.19 0.94
1987 -0.19 0.98
1988 -0.17 1.03
1989 -0.17 1.04
1990 -0.18 1.01

come effects of
higher real earn-
ings dominate the
substitution ef-
fects of lower
goods prices.
The increase in
consumption is
dampened by an
increase in the
rate of return that
produces greater
investment (and

personal sav-
ings).
Finally, tech-

nical change is a
very important
aspect of the sup-
ply-side adjust-
ments under the
no-control sce-
nario. Lower fac-
tor prices in-
crease the endog-
enous rates of

As with the cost and expenditure data presented
above, it is possible to present the stream of GNP and
consumption changes as single values by discounting
the streams to a single year. Table A-16 summarizes
the results of the discounting procedure, and also in-
cludes discounted expenditure and annualized cost
data for reference. Accumulated (and discounted to
1990) losses to GNP over the 1973-1990 period were
half again as large as expenditures during the same
period, and approximately twice as large as annual-
ized costs. Losses in household consumption were
approximately as great as annualized costs.

Table A-16. GNP and Consumption Impacts

Discounted to 1990 ($1990 billions).
3% 2% 1%
Expenditures 520 628 761
Annualized Costs 417 523 657
GNP 880 1005 1151
Household Consumption 500 569 653
HH and Gov’t Consumption 676 769 881

Source: Expenditures and annualized costs from above;
macroeconomic impacts from Jorgenson et al. (1993),
Table 4.1

% Not surprisingly, at the industry level, the principal beneficiaries in the long run of eliminating the costs associated with air

pollution abatement are the most heavily regulated industries. The largest changes in industry prices and outputs occur in the motor

vehicles industry. Other industries that benefit significantly from the elimination of environmental controls are refined petroleum
products, electric utilities, and other transportation equipment. Turning to manufacturing industries, metal mining and the primary
metals have the largest gains in output from elimination of air pollution controls.
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Figure A-1. Percent Difference in Real Investment Between Control and No-control Scenarifs.
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Figure A-2. Percent Difference in Price of Output by Sector Between Control and No-contro
Scenario for 1990.
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Although they have value as descriptors of thepercent, electricity from electric utilities declines by
magnitude of changes in economic activity, neither2.75 percent, and the price of natural gas from gas
GNP nor consumption changes are perfect measuradtilities declines by 1.2 percent. The declining price
of changes in social welfare. A better measure isof fossil fuels induces substitution toward fossil fuel
Equivalent Variations (EVs), which measure the energy sources and toward energy in general. Total
change in income that is equivalent to the change irBtu consumption also increases.

(lifetime) welfare due to removal of the CAA. As part

of its macroeconomic exercise, EPA measured the EvsSectoral Effects: Changes in Prices and
associated with removal of the CAA. Elimination of Output by Industry

CAA compliance costs (disregarding benefits) repre- _

sents a welfare gain of $493 billion to $621 billion, At the commodity level, the effect of the CAA
depending on assumptions used in the anayJikis ~ varies considerably. Figure A-2 shows the changes in
result does not differ greatly from the range of resultsthe supply price of the 35 commodities measured as
represented by expenditures, anualized costs, and coghanges between the no-control case and the control-
sumption changes. case for 1990.

Prices In 1990, the largest change occurs in the price of
motor vehicles (commodity 24), which declines by

One principal consequence of the Clean Air Act 3.8 percent in the no-control case. Other prices show-
is that it changes prices. The largest price reductionsng significant effects are those for refined petroleum
accrue to the most heavily regulated industries WhiCl‘products (commodity 16) which declines by 3.0 per-
are the large energy producers and consumers (segnt, and electricity (commodity 30) which declines
Table A-17). But these are also the most capital in-2.7 percent. Eight of the remaining industries have
tensive sectors and itis the investment effects that arlecreases in prices of 1.0 to 1.4 percent under the
the dominant influences in altering the course of theno-control scenario. The rest are largely unaffected
economy. Focusing on energy prices, under thepy environmental regulations, exhibiting price de-
no-control scenario the price of coal in 1990 declinescreases between 0.3 and 0.8 percent.
by 1.3 percent, refined petroleum declines by 3.03

To assess the intertemporal consequences of the
CAA, consider the model’'s dynamic results and the
Table A-17. Percentage Difference in Energy Prices adjustment of prices between 1975 and 1990. Initially,

Between the Control and No-control Scenarios. in 1975, the biggest effect is on the price of output
from petroleum refining (sector 16), which declines
Refined  Electric  Gas by 4.3 percent. But by 1990, the price of petroleum
Year Coal  Petroleum  Utilities  Utilities refining is about 3.0 percent below control scenario
levels. In contrast, the price of motor vehicles (sector
1973 -0.44 -5.99 211 -0.32 24) is about 2.4 t below baseline levels in 1975
1974 -0.47 484 253 -0.44 ) is about 2.4 percent below baseline evels in 1975,
1975 .0.42 4.8 219 031 but falls to about 3.8 percent below baseline levels in
1976 -0.57 -3.83 -2.12 -0.44 1990.
1977 -0.74 -3.43 -2.22 -0.59
1978 -0.86 -3.28 -2.39 -0.68 , .
1979 0.91 2.92 281 o071 _Thg price chang_es affec_t commodity demands,
1980 -0.94 -2.76 -2.97 -0.69 which in turn determine how industry outputs are af-
1981 -0.97 -2.50 -2.76 -0.71 fected. Figure A-3 shows percentage changes in quan-
1982~ -0.98 -2.42 -2.63 077 tities produced by the 35 industries for 1990. As noted
1983 -1.09 -2.35 -2.58 -0.85 lier the orincinal beneficiari derth |
1984 112 296 249 001 earlier, the principal beneficiaries under the no-contro
1985 -1.21 -2.89 -2.62 -0.97 scenario are the most heavily regulated industries:
1986 -1.27 -3.35 -2.69 -1.12 motor vehicles, petroleum refining, and electric utili-
1987 -1.31 -3.50 -2.78 -1.18 ties
1988 -1.30 -3.61 -2.75 -1.19 '
1989 -1.31 -3.45 -2.74 -1.19 .
1990 -1.30 -3.03 -2.75 -1.20 In 1990, the motor vehicle sector (sector 24) shows

the largest change in output, partly due to the fact that
the demand for motor vehicles is price elastic. Recall

% Jorgenson et al., 1993.
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Figure A-3. Percent Difference in Quantity of Output by Sector Between Control and No-
control Scenario for 1990.
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Figure A-4. Percent Difference in Employment by Sector Between Control and No-control
Scenario for 1990.
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that the largest increase in prices also occurred in thavhich increases 0.7 percent, and primary metals (sec-
motor vehicles sector. The 3.8 percent reduction intor 20) which increases 0.6 percent. The level of em-
prices produces an increase in output of 5.3 percemployment is higher relative to the control case in 10
relative to the base case. other industries.

Significant output effects are also seen in the pe-  For a few sectors, the no-control scenario results
troleum refining sector (sector 16) with a 3.2 percentin changes in real wages which caueductionsin
increase, in electricity (sector 30) with a 3.0 percentemployment. The most notable reductions in employ-
increase, and in other transportation equipment (secment under the no-control scenario occur in tobacco
tor 25) with a 1.6 percent increase. The large gains iimmanufacturing (sector 8) which declines 1.2 percent,
output for these industries are mostly due to the defurniture and fixtures (sector 12) which declines 0.8
cline in their prices. In manufacturing, the sectorspercent, rubber and plastic products (sector 17) which
exhibiting the most significant output effects are metaldeclines 0.8 percent, food and kindred products (sec-
mining (sector 2) with a 2.0 percent increase, and pritor 7) which declines 0.7 percent, stone, clay and glass
mary metals (sector 20) with a 1.8 percent increaseproducts (sector 19) which declines 0.6 percent, and
Twenty of the remaining industries exhibit increase instruments (sector 26) which declines 0.6 percent.
in output of less than 0.9 percent after pollution con-These sectors are generally those in which the level
trols are removed. of output was lower in 1990 relative to the control

scenario, since they are among the least capital inten-

While most sectors increase output under thesive and the fall in the rental price of capital services
no-control scenario, a few sectors decline in size inhas little effect on the prices of outputs. Buyers of the
the absence of air pollution controls. The most no-commodities produced by these industries face higher
table of these are food and kindred products (sectorelative prices and substitute other commodities in
7) which decline by 0.5 percent, furniture and fixtures both intermediate and final demand. It is interesting
(sector 12) which decline by 0.6 percent, and rubbeto note that several of the least capital intensive sec-
and plastic products (sector 17) which decline by 0.3tors experience insignificant employment effects in
percent. These sectors are among the least capital ithe short run (1975) under the no-control scenario,
tensive, so the fall in the rental price of capital ser-but increasingly adverse effects over the 20-year pe-
vices has little effect on the prices of outputs. Buyersriod of analysis. These include food and kindred prod-
of the commaodities produced by these industries faceucts, furniture and fixtures, rubber and plastic prod-
higher relative prices and substitute other commaodi-ucts, stone, clay and glass products, and instruments.
ties in both intermediate and final demand. The rest
of the sectors are largely unaffected by environmen-  Examination of the transition of employment in

tal regulations. the economy from the initial equilibrium to 1990 re-
veals that the employment effects of the CAA on motor

Changes in Employment Across vehicles, transportation equipment, electric utilities,

Industries and primary metals persist over the entire period of

analysis. Employment varies from: an increase of 1.7

The effect of the CAA on employment presents aPercent in 1975 to 1.2 percent in 1990 in motor ve-
much more complicated picture. Although Jorgenson-hicles; an increase of 0.7 in 1975 to 0.8 percent in
Wilcoxen is a full-employment model and cannot be 1990 in transportation equipment; an increase of 1.2
used to simulate unemployment effects, it is usefulPercent in 1975 to 0.7 percent in 1990 in electric utili-
for gaining insights about changes in the patterns ofi€S; and an increase of 0.8 percent in 1975 to 0.6 per-
employment across industries. Percentage changes Fent in 1990.
employment by sector for 1990 are presented in Fig-
ure A-4.

For 1990, the most significant changes in the level
of employment relative to the control scenario occur
in motor vehicles (sector 24) which increases 1.2 per-
cent, other transportation equipment (sector 25) which
increases 0.8 percent, electric utilities (sector 30)
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Uncertainties in the Cost sis. This analysis is consistent with the findings of
Analysis two_ recent studies_ comparing combined air, water, an_d
solid waste pollution abatement costs, as reported in
federal abatement cost surveys, to their observed ef-
Potential Sources of Error in the Cost fects on productivity levels. These studies suggest that,
Data since observed productivity decreases exceed those
expected to result from the reported abatement costs,
Because of the importance of tBest of Clean  there may be additional pollution abatement costs not
data for this assessment, the project team investigategRptured or reported in the survey data, and that total
potential sources of error due to the use of industry’stbatement costs for the three manufacturing indus-
self-reported costs of compliance with air pollution tries studied may be under-reported by as much as a
abatement requirements. Concerns about the accuradgictor of two in the most extreme case (Gray and
of responses include (1) misreporting by firms in re- Shadbegian, 1993 and 1995; Gray, 1996).
sponse to federal agency surveys, and (2) omission of
important categories of compliance cost from the data ~ The major finding from this analysis indicates that
collected or reported by these federal ageri¢igable  total O&M costs are likely to be under-reported due
A-18 contains a summary of the results of the analyt0 exclusion of private research and development

Table A-18. Potential Sources of Error and Their Effect on Total Costs of Compliance.

Source of Error Effect on Capital Costs Effect on O&M Costs
Lack of Data at Firm Level Under-reported Under-reported
Percent Unknown Percent Unknown

Misallocation of Costs:

Inclusion of OSHA and Other Over-reported Over-reported
Reqgulatory Costs Percent Unknown Percent Unknown
Exclusion of Solid Waste Disposal Costs Under-reported
Related to Air Pollution Abatement — Percent Unknown

Exclusion of Costs:

Exclusion of Private R&D Expenses — Under-reported by 14 to 17%

(varies by year)

Exclusion of Energy Use by Pollution — Under-reported by 1 to 3%
Abatement Devicée3 (varies by year)

Exclusion of Depreciation Expensgs Under-reported by 1 to 2%
— (varies by year)

Exclusion of Recovered Costs — Over-reported by 1% Plus

Omission of Small Firms Under-reported by 1 to 2% Under-reported by 1 to 2%
NET EFFECT Under-reported Under-reported

@ Energy outlaysire part of the data on O&M costs and depreciation expesrsesot Accordingly, in the J/W model, energy outlays are
considered along with other operating expenditures in terms of their impacts on unit costs. Depreciation is represented fully in the capital
accumulation process, as the undepreciated capital stock at the beginning of any period gives rise to the flow of capital services available to
producers and consumers.

Source Industrial Economics, Incorporated, memorandum to Jim DeMocker, EPA/OAR, "Sources of Error in
Reported Costs of Compliance with Air Pollution Abatement Requirements," October 16, 1991.

27 Memorandum from Industrial Economics, Incorporated to Jim DeMocker (EPA/OAR) dated 10/16/91 and entitled “Sources
of Error in Reported Costs of Compliance with Air Pollution Abatement Requirements.”
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(R&D) expenditures. Note, however, that although An additional set of concerns relates directly to
these costs were excluded from those used for theeporting of costs by firms. Some have noted an un-
macroeconomic modeling, they were included in theexpected temporal pattern of stationary source con-
overall direct cost estimate of the CAA; see “Other trol expenditures in the BEA data that might lead one
Direct Costs,” above. These costs are excluded fromo question the accuracy of the Census survey re-
the macromodeling because they cannot be disaggresponses. One would expect that stationary source
gated by industry and, more importantly, because ther®©&M expenditures over time would be roughly pro-
is no information on what was purchased or obtainedportional to the accumulated stationary source con-
as a result of these expenditures. trol capital stock. Yet, as illustrated in Table A-19,
O&M expenditures as a fraction of accumulated capi-
Based on the need indicated by the IEc review,tal stock decline over time (even if one discounts the
modifications to the BEA data were made to remedyfirst few years because of the dramatic percentage
some of the biases noted above. In particular, recovincreases in capital stock during those years). Itis true
ered costs for stationary source air pollution, e.g. sulthat the ratio of O&M expenditures to thikepreci-
fur removed using scrubbers that is then sold in theatedcapital stock (in the far right column, labeled “net
chemical market, have been accounted for in the dat&”) is reasonably stable after 1981. The depreciation
set used in the model runs. shown here, however, isimancialdepreciation only,
depicting the declining value of a piece of equipment
over time, rather than a measure of physical asset
shrinkage. Assuming a twenty-year useful lifetime,
all of the stationary source control capital stock put in
place since 1972 could conceivably still be in place in

Table A-19. Stationary Source O&M
Expenditures as a Percentage of Capital Stock
millions of 1990 dollars).

NetK  O&M Net K 1_990._ If anything, one Wc_)uld expec'_[ the Q&M/K ra-
1073| 6521 6521 3936| 060 060 tio to increaseas the capital depreciates (i.e., ages),
1974| 14880 14684 4778| 032 0.33 until the equipment is scrapped, because aging equip-
1975| 23533 22876 5,154 022 023 ment requires increasing maintenance. Consequently,
1976| 32773 31,372 5768| 018 0.8 one might infer from this information that firms have
er)) AdeRi - siages Gezy | Oy Oy systematically under-reported O&M expenditures, or

1978 | 49,448 45612 6,991 0.14 0.15
1979 | 57,299 51,776 7,959 0.14 0.15
1980| 65,763 58,232 8,791 0.13 0.15

have over-reported capital expenditures.

1081| 74366 64460 8785| 012 014 The apparent anomaly might be explained by an
1982 | 82,381 69,740 7,855 0.10 0.11 examination of the types of O&M expenditures re-

1983| 89,937 74173 8168| 009 0.1 ported. If more than a token percentage of O&M ex-
1984 95879 76606 8505| 0.9 0.1 penditures are unrelated to “operation and mainte-
et U nance” of pollution control devices, then the observed

1986 | 107,082 79,713 8,477 0.08 0.11
1987 | 112,225 80,249 8,602 0.08 0.11
1988 | 117,269 80,300 8,143 0.07 0.10

O&M/K ratio would not appear unusual.

1080| 1212 79819 8259 o007 010 The Census PACE survéyequired respondents
1900 | 127,394 79217 8842 007 011 to report air pollution abatement O&M expenses in
the following categories: salaries and wages; fuel and
‘K stock” is the accumulated undepreciated stationary electricity; contract work; and materials, leasing, and

source control capital stock available at the beginning of “miscellaneous?® In later versions of the survey,
each year, from Table A-10.

“Net K” is the stationary source control capital stock less additional mformat!on relating tc_) the types of expenses

depreciation implied by amortization at 5%; from Table to report was provided as a guide to respondents. The
A-10. types of expenses listed that are relevant to air pollu-
“O&M" is the stationary source control O&M tion abatement include:

expenditures; from Table A-9.

The final two columns are ratios: O&M divided by capital

stock; and O&M divided by net capital.

% Pollution Abatement Costs and Expendituresious years.

2 Census also requested a reporting of “depreciation” expenses as a component of O&M. BEA, however, removed depreciation

expense from the reported O&M costs because retaining depreciation would have amounted to double-counting, since BEA also
reported capital expenditures.
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(1) operating and maintaining pollution abate

ment equipment; Table A-20. Comparison of EPA and BEA Stationary
(2) fuel and power costs for operating pollutior Source Expenditure Estimates (millions of current
abatement equipment; dollars).

(3) parts for pollution abatement equipment re

plac_ement and r_epa_ur, L. Year capital O&M  capital O&M = Expend.
(4) testing and monitoring of emissions; EPA Estimates

(5) incremental costs for consumption of envi 1986 4,090 7,116 312 140 11,658
: . |1987 4179 7,469 277 130 12,055

ronmen'gally preferable materlalis and fuels; ee A Do 243 el L

(6) conducting environmental studies for devel | 1989 4760 7743 235 173 12,911
opment or expansion; 1990 4,169 8,688 226 154 13,237

(7) leasing of pollution abatement equipment; 1086 BiﬁagEgtima;eos?Z a12 182 11656
(8) compllance and envwon_mental auditing; 1087 3482 5843 26 141 B
(9) salaries and wages for time spent completir | 1988 3120 6,230 121 161 9632
environmental reporting requirements; and | 1989 3,266 6,292 229 152 9,939
(10) developing pollution abatement operatin¢ [L1990 4,102 6,799 200 154 11,255

r reg®
P ocedu e§ “Recovered Costs” are notincluded in this table.

Sources for “BEA Estimates™: for 1986, “Pollution Abatement and Control

The magnitude of the expenditures associated w Eggsngd(i)méeg Wﬁiﬂ@ﬂ) June 1989, Table 7; for
the first three items should be correlated with the si; = " ay 58, Tehe s

of the existing stock of air pollution abatement capi-

tal. Expenditures associated with items four throughSOUrce regulations. BEA's estimates are based on sur-

ten, however, should be independent of the size of th¥€Y data from the Bureau of Labor Statistics (BLS)
existing capital stock (expenditures associated withthat measures the increase in the per-automobile cost
item seven, leasing of pollution abatement equipment,(r6|at've to the previous model year) due to pollution
could be negatively correlated with the size of the cOntrol and fuel economy changes for that model year.
capital stock)lf items four through ten account for a 1he difference in approach is significant: BEA's an-
non-negligible proportion of total O&M expenditures, nual capital cost estimates exceed _EPA’s by a factor
andif respondents included these cost categories eveff (roughly) two. EPA may underestimate costs to the
though they were not explicitly listed in the survey eXtent that engineering cost estimates of components
instructions before 1991then one would expect to exclude design and development costs for those com-
see the O&MIK ratio declining during the study pe- ponents. The BLS estimates ado_l the incremental an-
riod. Thus, even though it is possible that O&M ex- nual costs to all past costs to derlve_: total current-year
penditures are underreported (or that capital expendiCOSts- Such an approach overestimates costs to the

tures are overreported), one cannot be certain. extent that it fails to account for cost savings due to
changes in component mixes over time.

Mobile Source Costs . . .
Some mobile source pollution control devices re-

For the section 812 analysis, EPA used the besgwred the use of unleaded fu_el. Unleaded gqsolme is
. . : . -“more costly to produce than is leaded gasoline, and
available information on the estimated cost of mobile

i ; enerally has a greater retail price, thus imposing a
source air pollution control. Several other sources of? y 9 b P 9

i . X . .~ cost on consumers. EPA estimated the “fuel price pen-
cost estimates exist, however, including a cost series

produced by the Department of Commerce Bureau 0]alty by using a petroleum refinery cost model to deter-

Sconomic Analysis (BER). The BEA cost sers s |11 1 X020t e e 1 poriedon o b
summarized in Table A-20. The BEA estimates dif- 9 ' P

fer significantly from EPA estimates, particularly with penalty” was the (_1|fference between the reta|_l price
. ) P . _of unleaded gasoline and that of leaded gasoline.

respect to estimates of capital costs and the “fuel price

penalty” associated with the use of unleaded gaso-

line A detailed description of the data sources, ana-

Iytic methods, and assumptions that underlie the EPA

EPA's capital cost estimates are based on esti?nd BEA mobile source cost estimates can be found

mates of the cost of equipment required by mobile"" McConnell etal. (1995).

% Pollution Abatement Costs and Expenditures, 1982 A-9.
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Stationary Source Cost Estimate Endogenous Productivity Growth in the
Revisions Macro Model

As noted above, the costs used for stationary  For each industry in the simulation, the JW model
sources in the macro-modeling (and retained in thisseparates price-induced changes in factor use from
cost analysis) were projected for several years in thehanges resulting strictly from technical change. Thus,
late 1980s. Since that time, BEA has released historisimulated productivity growth for each industry has
cal expenditure estimates for those years based otwo components: (a) an exogenous component that
survey data. A comparison of the expenditure serieyvaries over time, and (b) an endogenous component
can be found in Table A-21. Apparently, EPA’s pro- that varies with policy changes. Some reviewers have
jections overestimated stationary source compliancenoted that, although not incorrect, use of endogenous
expenditures by approximately $2 billion per year for productivity growth is uncommon in the economic
the period 1987-1990. Since expenditures from allgrowth literature. EPA conducted a sensitivity run of
sources are estimated to be $18 billion -$19 billionthe J/W model, setting endogenous growth parameters
(current dollars) per year during 1987-1990, this im-to zero (i.e., removing endogenous productivity
plies that EPA has overestimated compliance expengrowth from the modeP:
ditures by more than ten percent during this period.

Although a substantial overstatement for those years, Endogenous productivity growth is an important
the $2 billion per year overestimate would have little factor in the J/W model. For example, for the period
impact (probably less than two percent) on the dis-1973-1990, removal of the endogenous productivity
counted present value, in 1990 dollars, of the 1973-growth assumptions reduces household income by 2.9
1990 expenditure stream. to 3.0 percent (depending on whether one uses a world
with CAA or one without CAA as the baseline). In
comparison, removal of CAA compliance costs re-
sults in a 0.6 to 0.7 percent change in household in-
come (depending on whether one uses, as a baseline,
a world with or one without endgenous productivity

Table A-21. BEA Estimates of Mobile Source Costs.

— T oo w0 growth). That is,' use of the endc')gen.ous prodyctivity
Year  Exp BME P E growth assumption h_as four to five times the impact
1973 1013 1104 697 of that of CAA compliance costs.
1974 1118 1,380 5 1,180
1975 2131 1520 97 1344 Although very important to the simulated growth
1976 2,802 1.420 309 1363 of the economy within any policy setting, the endog-
1977 3371 1,289 701 1,408 enous productivity growth assumption is less impor-
1978 3935 1,136 1,209 1,397 tant across policy settings. Under the base (i.e., “with
1979 4634 931 1,636 1,792 endogenous productivity growth”) scenario, the ag-
1980 5563 726 2,217 2,320 gregate welfare effect (measured as EVs, see above)
1981 7529 552 2,996 2,252 of CAA compliance costs and indirect effects is esti-
1982 7663 409 3518 1876 mated to be 493 billion to 621 billion in 1990 dollars.
1983 9,526 274 4235 1,582 If one removes the endogenous productivity growth
1984 11,900 118 4427 1370 assumption, the aggregate welfare effect declines to
dee dezle — LR s the range 391 billion to 494 billion in 1990 dollars
fegs o IAgEE ey ege2 EEe (Jorgenson et al., 1993, pg. 6-15), a reduction of about
1987 13,725 (453) 3672 658 twenty percent.
1988 16,157 (631) 3,736 420
1989 15,340 (271) 1972 183
1990 14,521 (719) 1,370 (55)

* Inspection and maintenance costs less fuel density savings and
maintenance savings.

81 For greater detail, see Jorgenson et al., 1993.
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Amortization Period for Stationary
Source Plant and Equipment

In developing annualized costs, stationary source
capital expenditues were amortized over a twenty-year
period. That is, it was assumed that plant and equip-
ment would depreciate over twenty years. It is pos-
sible that stationary source plant and equipment has,
on average, a useful lifetime significantly greater than
twenty years. The Project Team tested the sensitivity
of the cost analysis results to changes in stationary
source capital amortization periods.

Table A-22 presents total annualized compliance
costs assuming a 40-year amortization period for sta-
tionary source capital expenditures (all other cost com-
ponents are unchanged from the base analysis). All
costs are in 1990-value dollars, ad three alternative
discount rates are used in the annualization period.
Table A-23 presents the results discounted to 1990,
and compared to the base case results (i.e., using a
twenty-year amortization period). Doubling the am-
ortization period to 40 years decreases the 1990 present
value of the 1973-1990 cost stream by approximately
40 billion dollars. This represents a change of six per-
cent to nine percent, depending on the discount rate
employed.

Table A-22. Annualized Costs
Assuming 40-Year Stationary Source
Capital Amortization Period, 197 3-
1990 (millions of 1990 dollars).

Annualized Caosts
Year at3% atb% at7%
1973 10,801 10,89911,008
1974 12,875 13,10813,366
1975 12,751 13,12113,532
1976 13,338 13,89114,504
1977 14,263 14,99615,807
1978 13,778 14,69015,695
1979 15,936 17,02418,220
1980 18,091 19,3680,771
1981 17,809 19,27220,880
1982 16,670 18,31620,123
1983 16,941 18,75920,754
1984 17,836 19,80321,960
1985 20,079 22,214,551
1986 18,544 20,80923,288
1987 19,384 21,77224,387
1988 19,203 21,70624,446
1989 19,989 22,60425,467
1990 20,546 23,268 26,247

Table A-23. Effect of Amortization
Periods on Annualized Costs Discounted
to 1990 (billions of 1990 dollars).

Discount rate

3% 5% I%

20-yr amortization period 417 523 657

40-yr amortization period 379 483 617
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